A defective-interfering (DI) particle of Sindbis virus was generated from a ts mutant of RNA-complementation group A by serially undiluted passages at 3o °C. This mutant induced interferon at a permissive temperature (3o °C), but not at a non-permissive temperature (4o'5 °C); it also expressed homotypic interference throughout the range 3o to 4o'5 °C. This demonstrates for the first time in a DI particle a ts function, namely, the ability to induce interferon. In addition, our data provide further evidence that the RNA genome of a Sindbis DI particle can be translated within the cell. We postulate that the products of translation function to produce the putative inducer of interferon, namely a molecule of dsRNA.
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Fig. L Interferon-inducing capacity of Sindbis virus DI particles. Seven day-old primary chick embryo cells were infected at various multiplicities with DI particles of Enders wild-type (5th passage) or mutant ts24(A) (6th passage), and incubated at 3o or 4o'5 °C for 24 h. The growth medium was removed, treated and assayed for interferon as described by Marcus & Fuller (1979) . The yields of interferon induced at (a) 3o °C and (b) 4o'5 °C by wild-type (0--0) and ts24 (O--O) DI particles are plotted against the multiplicity of infection.
A sixth passage preparation of the group A mutant tsa4 which contained 2.I x i08 DI particles/ml and 2.2 × to 7 p.f.u./ml was examined in detail for its capacity to induce interferon at a permissive (3o °C) and non-permissive (4o °C) temperature and compared with a fifth passage stock of the Enders (w +) which contained 3"t x io TM DI particles/ml and 2. 5 × IOs p.f.u./ml. Interferon induction was measured at different multiplicities of infection in 'aged' chick embryo cells as described previously (Marcus & Fuller, 1979; Fuller & Marcus, 198o) . Fig. I(a) shows the results obtained at 3o °C. Both types of DI particles induced interferon at this permissive temperature and in essentially equivalent amounts as a function of multiplicity. The dose (multiplicity)-response (interferon yield) curve described a good fit to the r /> I class of the Poisson distribution:
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;/ j where P(,) = the fraction of cells receiving r particles when the multiplicity of infection is rn (Marcus, I959; Fleischmann & Simon, t974; Marcus et al. I978) . According to the Poisson distribution, the concentration of particles which induces 63 % of the maximum yield of interferon (i.e. where 37 % of the cells escape infection) represents an average of i interferoninducing particle per cell in the monolayer. Inspection of Fig. I (a) shows that this point also corresponds to a multiplicity of approx. I DI particle per cell. Hence, we conclude that all w + and ts24(A) DI particles also function as interferon-inducing particles at 30 °C. This finding confirms our earlier study with w + DI particles (Fuller & Marcus, I98o) . The results at a non-permissive temperature (40"5 °C) are illustrated in Fig. I (b) . As documented earlier (Fuller & Marcus, I98o) , the Enders w + DI particles induced high yields of interferon at 4o'5 °C and with the characteristic dose-response curve described previously. This fits best a model in which cells infected with a single interferon-inducing particle (the r = I class) induce a quantum yield of interferon and cells infected with /> 2 such particles produce far less (Marcus & Sekellick, I977 ; Marcus et al. I978 ; Marcus & Fuller, I979 ; Fuller & Marcus, I98o) . While these dose-response curves for the induction of interferon by w + DI particles at 30 and 4o'5 °C are quite different, they nonetheless define the same activity -both qualitatively and quantitatively. (An analysis of the dose-response curves will be the subject of a separate communication.) Fig. ] according to the Poisson distribution as previously described (Marcus, ] 959; Marcus & Sekellick, I977).
1" The p.f.u, activities are included as a control on the ts phenotype of the mutant: I p.f.u. = I plaqueforming particle.
In sharp contrast to the activity of w + DI particles, ts24(A) DI particles did not induce interferon at 4o'5 °C ( Fig. [b) ; however, they did so at 3o °C (Fig. I a) . We conclude that tsz4(A) DI particles are temperature sensitive for interferon-inducing activity. Since the failure of tsz4(A) DI particles to induce interferon can be attributed to a ts defect in gene A, inherited from the parental tsa4(A) infectious virus, we consider these results as further evidence that gene A (along with gene G) must be translated into a functional protein for Sindbis virus particles to act as inducers.
We also determined whether the expression of DI particle activity is ts. A sixth passage preparation of mutant tsz4(A) was tested by the Bellett & Cooper (t959) method as described in Fuller & Marcus (I98o ; Fig. I ); parental HR(w +) standard virus was used in the yield reduction assay. When the test was carried out at 30 °C, it scored z'7 x I o 8 DI particles/ ml, while at 4o'5 °C the content was I.O x lO 8 DI particles/ml (Table I) . Thus, in sharp contrast to the ability of the DI particles to act as interferon inducers (see Fig. I , Table I ), their ability to interfere with the replication of standard virus was not ts. This was not unexpected, since later passage DI particles, which do not contain genes G and/or A can still interfere with standard virus (Kennedy et al. I976; Stollar, 1979) . Our own unpublished results and data from Kowal et al. (] 979) suggest that only the ability of DI particles to function as templates during replication must remain intact for the expression of interference. Thus, our data show that the product of gene A is not required for interference, i.e. the genome ofa DI particle need not be translated for that particle to produce homotypic interference.
We have presented data which demonstrate that early passage DI particles generated from Sindbis virus mutant tsz4(A) have the capacity to induce interferon in aged primary chick embryo cells at 30 °C (permissive temperature) but lose that capacity at 4o'5 °C (non-permissive temperature). Since the Sindbis virus tsz4(A) standard virus also expresses this phenotype (Marcus & Fuller, I979) , attributable to the defect in the A gene, it follows that the tsz4(A) DI particle must carry this ts gene and fail to express it under non-permissive conditions. In concert with results presented earlier in this series, these data provide genetic evidence that early Sindbis virus defective RNA can be translated in cells. There is precedent for the translation of DI particle genome RNA into virus polymerase in vivo : poliovirus DI particles lacking about I5 % of the genome (encoding for capsid protein) synthesize virus proteins and virus-specific RNA (Cole & Baltimore, [973) . Our experiments with Sindbis virus are the first to report a ts function in a defective-interfering particle, namely, interferon-inducing particle activity.
